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 Mature Simmental × Angus cows (n = 147; 590 ± 72 kg) were used to evaluate the 
effects of early weaning on subsequent calf growth performance and carcass characteristics. 
Cows were assigned to 1 of 2 treatments based on their previous calf’s weaning age: 1) early 
wean (EW) or 2) conventional wean (CW). The EW treatment had a steer calf weaned at 88±6 
days of age where as the CW treatment had a heifer calf that was weaned at approximately 
185±6 days of age. Cow body weight (BW) and body condition (BCS) were monitored at 10 
time points for the duration of the experiment. All cows were managed as a common group from 
the onset of the experiment at breeding until final pregnancy check of their next production cycle 
462 days later. All calves in the experiment were managed as one group and weaned at a single 
time point, then feedlot performance and carcass characteristics were evaluated. Initial cow BW 
was different (P < 0.05), as such it was included as a covariate. There was a treatment × date 
interaction (P < 0.01) for cow BW and cow BCS. Cow BW was consistently greater for the EW 
treatment at all time points throughout the experiment (P < 0.01). Cow BCS were not different at 
the onset of the experiment (P = 0.20), however after breeding and throughout lactation, body 
condition scores diverged between treatments and the EW treatment consistently had greater (P < 
0.01) BCS than the CW treatment throughout the entire subsequent lactation. Gestation length 
was not different (P = 0.21) between treatments, yet calf birth BW was greater (P = 0.05) for the 
EW treatment. Both AI pregnancy percentage and overall pregnancy percentage were not 
different between treatments (P ≥ 0.61). Despite the greater birth BW for the EW treatment and 
no difference (P = 0.25) in milk production, weaning BW was not different (P = 0.50) between 
treatments. Feedlot performance measures were not different between treatments including: 
feedlot arrival weight (P = 0.13); final body weight (P = 0.66); average daily gain (P = 0.84); dry 
matter intake (P = 0.84); and gain to feed (P = 0.93). Final carcass characteristics were not 
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different between treatments including: dressing percentage (P = 0.33); hot carcass weight (P = 
0.96); ribeye area (P = 0.94); 12th rib fat thickness (P = 0.73); kidney, pelvic, heart fat 
percentage (P = 0.08); USDA yield grade (P = 0.80); and marbling score (P = 0.70).  Thus, early 
weaning resulted in improved BW and BCS of cows as well as increased birth BW however that 
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Beef cattle producers face the challenge of generating a sufficient amount of high quality 
product to meet the growing global demand for beef by increasing outputs, while balancing 
cowherd input costs and maintenance. Maintaining the cowherd’s performance consists of 
breeding females maintaining body weight, body condition and conceiving in a timely fashion in 
order to calve every 365 days while concurrently nursing a calf. In order to maintain this 
rigorous agenda, cattle producers must maintain an effective grazing protocol or supplement 
harvested feedstuffs all while applying necessary management tactics in order to uphold cow 
performance. One of these strategies is early weaning. Implementing early weaning represents a 
changed nutritional requirement for a cow. The cow is no longer lactating thus requiring less 
total dietary nutrients in order to sustain herself. This may allow her to potentially divert more 
nutrients towards the growth of her fetus.  
Fetal programming represents the theory that external environmental stimuli during 
gestation can have long lasting effects on resulting progeny (Barker, 2007b). Evidence of fetal 
programming has been exhibited in numerous human epidemiological studies (Barker et al. 
2002; Barker, 2007a; Barker, 2007b; Barker, 2012) as well in certain instances within production 
livestock (Du et al., 2011; Radunz et al., 2012). Periods of limited feed resources often coincide 
with critical periods of gestational development within livestock production systems and can 
result in performance differences.  Particular effects have been observed on skeletal muscle, 
adipose tissue, and organ development as well as postnatal growth and have been summarized by 
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Du et al., 2011. However little to no data exists that investigates the potential relationship 
between the changed and lesser nutritional requirements of a non-lactating cow with her 
subsequent calf’s performance. 
Early Weaning in Beef Cattle 
If forage availability is limited, removal of the calf can improve performance for both the 
weaned calf as well as the dam. In fall calving cowherds, depleted pasture resources often 
coincide with the time that lactation reaches a plateau and begins to descend in the milking 
female; producers have adapted to this challenge by supplementing cows with harvested 
feedstuffs. Rutledge et al. (1971) indicated approximately 60% of weaning weight variation in 
non-creep fed calves is the result of differing milk yields among dams. However, during the 
latter months of neonate life, dam’s milk production plays a declining role in growth. In fact, 
Boggs et al. (1980) found that milk intake declined by 45% as a result of the normal lactation 
curve of the cow from birth to 6 months of age. However, in order for that calf to meet its 
nutrient requirements for growth it would have to consume other sources of nutrients. This is 
confirmed by Maddox (1965) who reported that by the time a calf is 3 months of age, greater 
than half of its energy is derived from sources other than milk. With that stated, it could be in a 
producer’s best interest to raise said calves by other means, which could prove to be more 
economically feasible depending upon feedstuff availability.  
 There are a multitude of different feeding strategies other than conventional time of 
weaning for rearing calves which have all been shown to be beneficial when employed, 
especially in cases where additional stress is put on the dam’s body reserves. These include a 
time of drought in which forage availability is low, or a time in which forage quality is 
suboptimal and as a result dams have limited milk production as they are partitioning energy to 
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more immediate needs (NASEM, 2016). Creep feeding grain has been extensively reviewed 
(Tarr et al., 1994; Shike et al., 2007) as well as creep grazing (Pitman et al., 2015), and feeding 
calves in a dry lot situation utilizing a total mixed ration (Neville and McCormick 1981; Myers 
et al., 1999). These methods all provide increased calf performance and are reasonable strategies 
to mitigate the challenge associated with declining milk production in the later months of calf 
development at the side of dam, as would be expected with conventional weaning (Boggs et al., 
1980). However, given that feed inputs represent greater than 60% of all costs of production to a 
beef cattle enterprise (Miller et al., 2001), the most viable option may be to wean the calf from 
the side of the cow and feed the calf directly while allowing the cow to appropriate energy to 
other demands such as restoring body reserves, conceiving, or gestating. The benefits of early 
weaning to the cow can be realized only if weaned calves can be successfully and economically 
raised with minimal facilities, labor and feed costs. Lusby et al. (1981) stated that early weaning 
could have obvious economic benefits when forage for the lactating cows is lacking or when 
cows are in such poor condition at breeding that adequate rebreeding performance is impossible, 
the factor limiting wide use of early weaning has been efficient management of the early-weaned 
calf. The management of the weaned calf and ultimately the practice of early weaning itself is 
dictated by situations of need and it’s applicability can vary from one environment to the next. In 
order to demonstrate the effectiveness of early weaning, there have been numerous studies 
performed in order to understand the implications and benefits of early weaning on both calf and 
cow performance independently. 
The Effects of Early Weaning on the Weaned Calf 
 An experiment was conducted by Harvey et al. (1975) using Angus calves (n = 216) to 
assess the effects of early weaning and feeding an ad libitum concentrate diet on pasture. 
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Average daily gains of calves in the early weaned treatment were 0.29 kg/day greater than calves 
still nursing at the side of their dam, although during the finishing period the conventional 
weaned calves had 0.09 kg/day greater average daily gains than the early weaned treatment. As 
the control calves gained slower in the finishing phase initially, they then surpassed the early 
weaned calves. Authors speculate this was the effects of compensatory gain. In terms of carcass 
differential, early weaned calves had 0.27% less kidney and heart fat, while achieving 1.9 points 
greater marbling scores and 6.3 kg greater carcass weights with 0.22 cm more fat thickness.  
 Neville and McCormick (1981) early weaned calves at 67 days of age and fed either a 
concentrate mix on pasture or a complete diet in a drylot setting until 230 days of age. These 
treatments were then compared with conventional weaned calves with no supplementation. Early 
weaned calves in the drylot gained 0.08 kg/day more than early weaned calves on pasture. 
However both pasture early weaned and drylot treatments outperformed their contemporaries 
that were normal weaned, weighing 15 kg and 33 kg more, respectively.  
Grimes and Turner (1991a) conducted a study to determine the effects of 110 day 
weaning vs. 220 day weaning. Early weaned calves were 20 kg heavier and 0.2 units greater in 
body condition score while maintaining a 0.18 kg/day greater average daily gain advantage over 
their conventionally weaned counterparts at the time of conventional weaning. Grimes and 
Turner (1991b) also evaluated at the effects weaning age had on postweaning performance. They 
concluded that early weaned steers gained 0.04 kg/day more while on feed, and harvested 11 
days younger with 14 kg greater slaughter weights than conventionally weaned steers. In 
disagreement from other studies, the conventionally weaned steers harvested with more desirable 
quality grades which was speculated as an effect of increased age or days on feed.  
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Loy et al. (1999) conducted a study to evaluate early weaning at 60-70 days vs. 147 days 
using 120 steer calves sired by Angus or Simmental bulls to evaluate feedlot performance and 
carcass characteristics. Although early-weaned calves entered the feedlot at heavier weights, 
weaning age had no effects on daily gain, dry matter intake, feed efficiency or slaughter weights. 
Early-weaned calves did however achieve a greater percentage of intramuscular fat relative to 
conventional weaned steers (5.7% vs 5.1%), resulting in more advanced marbling scores (Small 
78 vs. Small 20), and cattle that achieved more desirable quality grades with 38% USDA Choice 
or greater and 10% USDA Prime as compared to 14% USDA Choice or greater and 0% Prime 
for conventionally weaned steers.  
Myers et al. (1999a) conducted a two-year study to evaluate the effects of three different 
weaning management systems. Treatments included 1) early weaning (year 1 = 177 days; year 2 
= 158 days) and subsequently placed on a finishing diet, 2) supplementation of grain for 55 days 
on pasture (year 1= day 177-231; year 2= day 158-213) while nursing their dams and then placed 
on a finishing diet, and 3) remain on pasture for 55 days while nursing their dams and then 
placed on a finishing diet. In year 1, early-weaned calves gained 100% faster than calves that 
were conventionally weaned and creep fed while creep-fed steers gained 32% faster than 
conventionally weaned steers that were not supplemented. Marbling scores were improved for 
early-weaned steers as compared to normal-weaned calves with or without supplemental creep 
feed, this trend continued in year 2 as the early weaning method improved the percentage of 
steers grading USDA Avg. Choice or greater by 40%. Also in year 2 of the study, early-weaned 
steers achieved greater gains than either of the other two treatments, while conventionally-
weaned, creep-fed calves had greater gains than those that were conventionally-weaned without 
creep feed. Myers et al. (1999b) also conducted a study which intended to look at the differences 
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between three weaning ages and their impacts on cow-calf performance and carcass traits. Calves 
were weaned at 90 days of age, 152 days of age, or 215 days of age and all were subsequently 
placed in a feedlot. Steers weaned at 90 days of age outperformed their counterparts that were 
not yet weaned until day 152 with an average daily gain that was 0.34 kg/day greater. A similar 
trend was noted when groups that were weaned at day 90 and day 152 they exhibited average 
daily gains that were 0.85 kg/day greater than the latest weaned treatment until day 215. This is 
presumably due to the fact that cattle are more efficient in their growth curve at younger ages. 
Although there were no trends for differing levels of performance in the finishing phase of 
feeding, when cattle were harvested at a constant fat endpoint (.81 cm), the number of days 
steers were finished decreased in a linear fashion by 55 days and 38 days. A quadratic response 
was observed for the percentage of steers treated for both digestive and respiratory morbidity. 
Speculation from the author notes this can be explained by the fact that steers weaned at 90 days 
of age did not receive vaccination prior to weaning, likewise the calves weaned at 215 days of 
age experienced more challenge associated with the weather.  
Fluharty et al. (2000) evaluated the effects of weaning age on growth and carcass 
characteristics in steers over the course of two experiments. In their first experiment, they 
utilized 78 Angus crossbred calves weaned at either 103 days or 203 days at which point they 
were transitioned onto finishing diets. In agreeance with several other studies, the early-weaned 
group of calves had greater average daily gains from day 103 to day 203. This allowed them to 
reach a final market weight 33 days sooner, part of which authors attributed the efficiency in 
conversion of feed to gain early in the feeding period. However, there was no measurable 
differences in carcass characteristics. In the second experiment conducted by Fluharty et al. 
(2000), 64 Angus crossbred steers were weaned at either 93 days of age or 210 days of age. 
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Similarly to their other findings, early weaned calves were heavier at the time of normal weaning 
(210 days), early weaned calves also had greater backfat thickness at this time. This may be in 
part the reason authors noted frame size and genetics should be further analyzed to determine 
cattle that are best suited for early weaning especially when fed a high concentrate diet.  
Schoonmaker et al. (2002) utilized seventy Simmental x Angus calves to evaluate the 
effects of age at feedlot entry on growth, performance, and carcass characteristics. Steers and 
bulls that entered the feedlot at 111 days of age had greater average daily gains  than those who 
entered at 202 days of age or 371 days of age from the time of entry until harvest. 
 As indicated in the aforementioned research, early weaning can have a positive impact on 
calf performance and ultimately industry stakeholders at several levels of the beef value chain; 
from increased performance through the time that conventional weaning would occur to 
advantages in final carcass merit.  
The Effects of Early Weaning on the Dam 
 There have been numerous studies that have evaluated the effects of early weaning on 
both calf and cow performance.  The practice of weaning a calf from the dam at an early time 
point can have a positive impact on overall performance when feed resources are considered low 
or the cow is in a state of negative energy balance. This improved cow performance can be 
characterized by improving reproductive efficiency if the weaning takes place before or during 
breeding season, as well as restoring body condition and body weight to a dam’s reserves.  
Reducing the length of the postpartum anestrous period is pivotal in achieving 
reproductive efficiency, especially considering that a cow must conceive within 83 days post 
parturition to calve at approximately the same date one year later (Torrell and Bruce, 1998). 
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Smith and Vincent (1972) discovered that cows that had a calf weaned at 30 days of age were 10 
days faster to first estrus as compared with cows still nursing. Laster et al. (1973) investigated 
the effects of early weaning on postpartum reproduction of cows in a fall calving cowherd. When 
first and second parity cows weaned a calf 8 days before the onset of a 42 day breeding period, 
they not only were detected in estrus more often from calving to the onset of the breeding period 
than their lactating contemporaries (29.0% and 26.7% respectively), but first and second parity 
cows were more likely to show estrus in the first 21 days of the breeding season (39.2%, and 
23.5% respectively). The conception rates were also greater for first and second parity cows 
whose calf had been weaned as compared to cows still lactating. First parity cows were 25.9% 
more likely to conceive in the 42 day breeding period, and second parity cows were 15.6% more 
likely to conceive. These differences in detected estrus during the first 21 days of the breeding 
season and conception rate were not detected in cows greater than 4 years of age. The cessation 
of lactation in young cows that are still growing themselves, allowed for an increase in their 
nutritional status as a result of a lesser nutrient requirement; thus explaining their increased 
reproductive performance. Given that mature cows no longer require nutrients for their own 
growth, the halting of lactation did not improve their nutritional status. This establishes the fact 
that early weaning can be particularly effective in young cows that may be in a state of negative 
energy balance. These findings are in agreeance with Bellows et al. (1974) who reported that 
early weaning of calves at 3 or 10 days of age resulted in an average of 20.5 days to first 
postpartum estrus in those dams as compared with 43.2 days for suckled dams. Randel (1990) 
summarized four different trials that all evaluated the effects of postpartum energy levels on 
reproduction. Their results concluded that cows supplied with adequate energy had an average 
pregnancy rate of 91.5% compared with those with an inadequate energy status at 61.5% 
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pregnancy rate; therefore, the results give further credence to the theory that energy balance has a 
critical effect on reproduction. 
Assessing a cow’s nutritional status can be a complex matter, although examining 
changes in body condition scores and body weight over time can be very effective in identifying 
this. Myers et al. (1999b) evaluated three different weaning ages (90, 152, and 215 days). Cows 
initiated the study with no differences in body weight, yet at 215 d postpartum, cow body weight 
increased linearly as weaning age decreased. Arthington and Kalmbacher (2003) weaned calves 
from fall-calving, three-year-old, first parity cows in either January (early wean) or August 
(normal wean) over two consecutive years. Cows that had an early weaned calf in January had 
achieved 39 kg more body weight by the time of normal weaning in August for the other 
treatment and were in a more optimal average body condition score (6.34 as compared to 4.75). 
Similar to other studies, reproduction was also improved, as in year 1 early weaned cows had a 
39.5% greater pregnancy rate during a 90 day breeding period that commenced in January at 
time of early weaning, and tended to have a greater pregnancy rate during the same length 
breeding period in year 2 (96.1 vs. 79.0%). Odhiambo et al. (2009) investigated the effects of 
weaning age on cow performance and reproduction. They early weaned at 180 days of age, and 
the normal weaning took place 45 days later. Dams of early-weaned calves achieved heavier 
weights by the time of normal weaning, which supports other research. However, dams of 
normal weaned calves compensated by achieving body weight prior to weaning the calf, and 
overall body weight did not differ. This can perhaps be explained by compensatory gain. Early 
weaned cows did have greater body condition scores, and to examine this, both rib fat and rump 
fat measurements were taken via ultrasound. This revealed that early-weaned cows from 3-5 
years of age tended to have greater rump fat, although rib fat was not different between 
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treatments. Authors suggested this was due to the impetus for fat accretion occurring in the later 
stages of growth and that nutrient homeorrhesis in younger cows could have been targeted 
preferentially to protein accretion. As a result fat scans may not detect the impact that early 
weaning can have on younger cows. 
Neville and McCormick (1981) evaluated the effects of weaning calves at 67 days of age 
or 230 days of age on dam performance. There were no reproduction differences between the 
two treatments although dams of early weaned calves had 0.34 kg/day greater average daily gain 
than cows with a normal weaned calf. In the year following treatment, cows from the early-
weaned treatment calved 6 to 7 days later than dams from the normal wean treatment. Calves in 
year 2 resulting from dams that had been part of the early wean treatment also had greater 205 
day weights than the progeny of dams that had weaned their calves normally in year 1. This 
suggests that perhaps there is an intrauterine effect on the fetus as a result of decreased nutrient 
requirement due to the cessation of lactation and increased dam performance.  
Increased Stocking Rates and Reduction in Feed 
A great portion of the early weaning research focusses on the benefit which can be 
observed in terms of improved cow and calf performance, although some research suggests that 
early weaning can affect nutrient requirements as well as increase the potential stocking rate of 
pastures due to increased forage availability.  
Calves were weaned at either 110 or 222 days of age in a study conducted by Peterson et 
al. (1987). Early weaned calves were fed 1.6% of their body weight in the form of a grain mix, in 
addition to ad libitum alfalfa hay.  All cows in the early-wean treatment were housed in dry-lots 
until the time of normal weaning and intakes were measured during this time. Both cows and 
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calves in the early-weaned treatment gained more (20.7 kg, 29.0 kg, respectively) than the 
normal-weaned cows and calves. In addition to their increased gains, early-weaned cow-calf 
pairs consumed 20.4% less total dietary nutrients than normal weaned cow-calf pairs and that 
resulted in them being 43.9% more efficient at converting kilograms of total digestible nutrients 
into kilograms of calf gain. Adcock et al., (2011) evaluated differing weaning systems and their 
relative differences in performance and dry matter intake. At 180 days postpartum, cows that 
were no longer lactating had a 1.23 kg per head per day decrease in dry matter intake, and an 
18.7 kg increase in cow body weight. Authors noted that by leaving calves alongside their dam, 
there was a 35% increase in dry matter intake for the pair when compared with just the early‐
weaned cow. 
Harvey and Burns (1988) evaluated three differing cow-calf management systems to 
study early weaning’s effects on both increased stocking rate and increased gains at normal 
stocking rate. Their treatments included normal weaned cow-calf pairs at a stocking density of 
2.30 cows/ha, early weaned cows stocked at 3.66 cows/ha, as well as early weaned cows at a 
stocking density of 2.55 cows/ha. There was no difference in performance measures between 
normal weaned cows and the early-weaned, heavily-stocked treatment. That demonstrated that 
an increased stocking density will not be detrimental to cow gains. However on similar pasture 
stocking rates between normal and early-weaned treatments, there was improved ADG by 0.18 
kg/day in the early-weaned cows which resulted in 20.7 kg heavier body weights at the end of 
the trial. This led authors to conclude that an increased stocking rate would be more profitable 
than to let cows gain unnecessary weight which wouldn’t improve efficiency of a cow-calf 




The practice of early weaning in beef cattle herds can be particularly advantageous in 
times of depleted pasture resources, be it drought or otherwise. It has been proven that early 
weaning can be of benefit to both the weaned calf in terms of increased growth performance and 
final carcass characteristics, as well as cow performance as characterized by better reproductive 
efficiency, improved body condition scores and body weight reserves. In particular young cows 
can experience improvements in performance as they are still growing and can partition nutrients 
to growth rather than lactation. Additionally, thin cows that are in a state of negative energy 
balance and no longer have a requirement for lactation can divert nutrient intake to improving 
energy reserves.  
Fetal Programming 
The concept that maternal nutrition can have lasting effects on subsequent progeny 
performance is known as fetal programming. Barker (2012) discusses the idea that living 
creatures are plastic in their development and certain stimuli at critical points in development can 
result in permanent changes in structure, function and metabolism. This topic has been heavily 
investigated relative to human epidemiology (Barker et al., 2002; Barker, 2007a; Barker, 2007b; 
Barker, 2012) as the origins of the hypothesis stem back to human studies that examine the 
prevalence of chronic diseases like coronary heart disease, type two diabetes, and hypertension. 
These studies are centered on historical events such as food shortages throughout England and 
Wales in the early 1900’s as well as the Nazi occupation of Europe in which mothers were 
subject to malnourishment during pregnancy. Resulting progeny were investigated using birth 
records and extensive health data complied throughout their lifetime to track the effects of 
differing maternal nutrition. The prevalence of disease was greater within children who were in 
utero, born or spent a period of their infancy within the regions where the nutritional restriction 
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took place. Adults who were predisposed to coronary heart disease and type-two diabetes later in 
life had a tendency to grow more slowly in utero, have below average birth weight, and then 
experience a rapid gain of body weight during the first two years of their life. Thus it is well 
documented within human cohort studies, yet the idea of fetal programming has been of 
particular interest to animal scientists and beef cattle researchers. Production livestock have been 
used to test the Barker hypothesis of maternal diets having lasting impacts on resulting progeny’s 
performance. Specifically, a high percentage of studies within beef production examine the 
effects of nutrition or differing management strategies during late gestation on subsequent 
progeny’s lifetime productivity (Funston et al., 2010b) or feedlot performance and carcass 
characteristics (Radunz, 2012). This is justified in the fact that 75% of the growth of the 
ruminant fetus occurs during the last 2 months of gestation (Robinson et al., 1977) yet very 
limited work has been done to examine the effects of these same stimuli during early gestation.  
Fetal Programming in Beef Production 
 Meat animals, including bovine are raised for their skeletal muscles, and the number of 
muscle fibers within a muscle is of high importance relative to the growth potential of an animal. 
The fetal stage is a crucial time in an animal’s skeletal muscle development as there is no net 
increase in muscle fiber numbers post parturition (Du et al., 2011). Primary myogenesis, 
otherwise known as the first wave of hyperplasia in gestational development is predominantly 
completed during early gestation and by the time of birth the number of muscle fibers is fixed 
(Du et al., 2011). Primary myofibers are formed during prenatal muscle development and 
secondary myofibers result from undifferentiated and proliferating muscle precursor cells 
(Beerman et al., 1978). The ability to alter fetal muscle fiber number by certain environmental 
stimuli is believed to be possible. Fahey et al. (2005) found that the majority of muscle 
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differentiation and formation takes place before day 85 of gestation in sheep. This suggests that 
there is potential for a stimuli or treatment to target this proliferation stage in early gestation to 
manipulate the number of muscle fibers formed. Moreover, Rehfeldt et al. (1999) concluded that 
heritability coefficients for muscle fiber number can range from 0.12 to 0.88, thereby 
demonstrating that muscle fiber number can be altered by environmental factors rather than 
strictly genetics which had been previously assumed. Long et al. (2010) restricted cows to 55% 
of energy and 50% of crude protein requirements from day 32 to day 83 of gestation. Though 
they observed no differences in birth weight and weaning weight of resulting progeny as 
compared to progeny from cows fed 100% of their requirements, they did note that muscle fiber 
area was smaller in calves of nutrient restricted dams. These same calves also exhibited less lung 
and trachea weight, although it was not examined if this had impact on the incidence of 
respiratory disease. Long et al. (2012) conducted an experiment in which dams were subjected to 
a nutrient restriction where protein was either supplemented or not supplemented from day 45 to 
185 of gestation and the resulting effects on progeny growth rate and carcass characteristics were 
assessed. While nutrient restriction had no effect on calf weight at birth, weaning or slaughter, 
calves born to nutrient restricted dams did have greater USDA yield grades. It was suggested by 
authors that this effect was a result of decreased muscle mass indicated by a trend for decreased 
muscle weight as a percentage of hot carcass weight. Though nutrient restriction in utero did not 
lead to dramatic differences in growth rate, results of Long et al. (2010) and (2012) suggest that 
there may be other consequences including differences in muscle fiber area and body 
composition. This work is in agreeance with that of Costello (2008) which suggests that fetuses 
from early or late gestation nutrient restricted dams exhibited less myofibers density relative to 
fetuses from dams fed to NASEM requirements.  
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 Marbling (i.e., intramuscular fat) is paramount for meat palatability, and fetal life is a 
major stage for generation of intramuscular adipocytes (Tong et al., 2008). During the fetal stage, 
both skeletal muscle cells and adipocytes are derived from the same pool of mesenchymal stem 
cells. Adipogenesis is initiated around mid-gestation in ruminant animals (Feve, 2005; 
Gnanalingham et al., 2005; Muhlhausler et al., 2007). Therefore early gestational fetal 
programming is not believed to have dramatic impact on adipogenesis and requires more 
investigation.  
Maternal nutrition can impact placenta growth, vascularity and ultimately efficiency of 
placenta function to utilize and transfer substrates to the fetus. The placenta plays a major role in 
the regulation of fetal growth (Funston et al., 2010a). Caruncular vascularization is developed by 
day 30 to 125 in bovine (Ferrell, 1976); thus, it is probable that undernutrition in early gestation 
for the dam may impact placental vascularity and the transport of nutrients and oxygen to the 
growing fetus (Vonnahme, 2003). Vonnahme (2003) conducted a trial in which ewes were fed 
50% or 100% of total digestible nutrient requirements and all ewes were killed on day 78 of 
gestation at which point gravid uteri were recovered. Fetuses were markedly smaller in the 
restricted group than in the control group. The reduced ratios of fetal weight to cotyledonary, 
caruncular, and total placentome weight on day 78 of gestation indicated that there is a reduced 
placentomal function of the conceptuses from nutrient-restricted ewes. This is possibly due to a 
decrease in the amount of nutrients delivered to the developing fetus thereby potentially 
impairing future growth. This same study examined intra-uterine growth retardation and its 
effect on organogenesis and specific fetal organ weights. Fetuses from restricted ewes had 
significantly smaller liver, lung, kidney and overall fetal weights. Incidence of low birth weight 
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is associated with high neonatal morbidity and mortality, decreased postnatal growth, increased 
adiposity, and less muscle mass (Greenwood et al., 2002).  
A high proportion of the fetal programming work in beef cattle has focused on late 
gestational treatments and their resulting effects on progeny postnatally, whether it be on lifetime 
productivity or carcass characteristics. Funston et al., (2010b) evaluated the effects of dam winter 
grazing system and supplementation in the last third of gestation on subsequent body weight 
gain, feed efficiency, and reproduction in heifer progeny. Dams either grazed winter range with 
or without protein supplementation, as well as grazed corn residue or without protein 
supplementation. Heifers born from supplemented dams calved 4 days earlier in the calving 
season than non-supplemented cows with grazing system having no effect on calving date for 
female progeny. As well, calf birth weight was elevated when cows grazed corn residue while 
protein supplementation treatment did not influence calf birth weight. To evaluate feed 
efficiency, heifers were individually fed for a period of 85 to 92 days. At this time, heifers from 
corn residue, protein supplemented dams had decreased average daily gains and gain to feed than 
heifers from any other treatment. It was suggested that this may be due to increased efficiency by 
heifers from dams that were subject to varying levels of nutrient restriction during late gestation.  
In terms of reproduction, authors observed that heifers from protein supplemented dams reached 
puberty at a younger age when compared to non-supplemented heifers.  
Radunz (2012) evaluated differences in carcass characteristics between treatments of 
dams fed differing energy sources during late gestation. In terms of carcass characteristics, 
calves from dams that were supplemented dried distillers grains and corn had lesser marbling 
scores than those which were fed hay. Wilson et al. (2012) evaluated the effects of a maternal 
dietary treatment that consisted of hay fed dams as compared to corn coproduct fed dams. There 
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was a trend for calves to be larger at birth from the coproduct fed dams as compared to hay fed 
dams, however associated with that was a trend for a greater number of calves to be born dead, 
and an observation of increased incidence of dystocia. Despite the increase in calf birth weight, 
that did not translate into any further differences between treatments in performance throughout 
the finishing phase and through postmortem carcass comparison.  
Conclusions 
The key to profitability for beef cattle producers is maximizing product output while 
minimizing cowherd inputs. Producers attempt to do this while maintaining cowherd body 
weight, body condition and reproductive efficiency. In order to achieve this, producers must 
ensure cow nutrient requirements are met while potentially also applying different management 
strategies depending on environmental conditions and the economic viability of said strategies. 
One of these tactics is early weaning. Early weaning can change the nutritional requirement for a 
cow. The cow is no longer lactating thus requiring less total dietary nutrients in order to sustain 
herself, and can potentially divert more nutrients towards the growth of her fetus.  
Fetal programming represents the ideology that external environmental stimuli during 
gestation can have long lasting effects on resulting progeny. Fetal programming was initially 
witnessed in human epidemiological studies, and later was observed in production livestock. 
Periods of limited feed resources often coincide with critical periods of gestational development 
within certain livestock production systems and can result in altered performance. Specific 
effects have been witnessed on the expression of skeletal muscle, adipose tissue, and organ 
development as well as postnatal growth. The period of time from early weaning to conventional 
weaning is such a critical period of fetal development that intersects with early to mid-gestation, 
as such it is critical that proper nutrients are utilized for fetal development. Extremely limited 
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data exists that investigates the potential relationship between the changed and lesser nutritional 
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FETAL PROGRAMMING EFFECTS OF EARLY WEANING ON SUBSEQUENT CALF 
PERFORMANCE 
ABSTRACT 
 Mature Simmental × Angus cows (n = 147; BW = 590 ± 72 kg) were used to evaluate the 
effects of early weaning on subsequent calf growth performance and carcass characteristics. 
Cows were assigned to 1 of 2 treatments based on their previous calf’s weaning age: 1) early 
wean (EW) or 2) conventional wean (CW). The EW treatment had a steer calf weaned at 88 ± 6 
days of age where as the CW treatment had a heifer calf that was weaned at approximately 185 ± 
6 days of age. Cow body weight (BW) and body condition (BCS) were monitored at 10 time 
points during the experiment. All cows were managed as a common group from the onset of the 
experiment at breeding until final pregnancy check of their next production cycle 462 days later. 
All calves in the experiment were managed as one group and weaned at a single time point, then 
feedlot performance and carcass characteristics were evaluated. Initial cow BW was different (P 
< 0.05), as such it was included as a covariate. There was a treatment × date interaction (P < 
0.01) for cow BW and cow BCS. Cow BW was consistently greater for the EW treatment at all 
time points throughout the experiment (P < 0.01). Cow BCS were not different at the onset of the 
experiment (P = 0.20), although after breeding and throughout lactation, body condition scores 
diverged between treatments and the EW treatment consistently had greater (P < 0.01) BCS than 
the CW treatment throughout the entire subsequent lactation. Gestation length was not different 
(P = 0.21) between treatments, yet calf birth BW was greater (P = 0.05) for the EW treatment. 
Both AI pregnancy percentage and overall pregnancy percentage were not different between 
treatments (P ≥ 0.61). Despite the greater birth BW for the EW treatment and no difference (P = 
0.25) in milk production, weaning BW was not different (P = 0.50) between treatments. Feedlot 
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performance measures were not different between treatments including: feedlot arrival weight (P 
= 0.13); final body weight (P = 0.66); average daily gain (P = 0.84); dry matter intake (P = 0.84); 
and gain to feed (P = 0.93). Final carcass characteristics were not different between treatments 
including: dressing percentage (P = 0.33); hot carcass weight (P = 0.96); ribeye area (P = 0.94); 
12th rib fat thickness (P = 0.73); kidney, pelvic, heart fat percentage (P = 0.08); USDA yield 
grade (P = 0.80); and marbling score (P = 0.70).  Thus, early weaning resulted in improved BW 
and BCS of cows as well as increased birth BW although that did not transpire into differences in 
postnatal growth performance or carcass traits of calves.  
INTRODUCTION 
 Cattle production requires producers to balance output with necessary inputs in a way 
that is both profitable and sustainable. A management tactic that can have a place in helping to 
achieve this is early weaning. Early weaning is a management tactic that can be employed in 
times of trying environmental conditions which can lead to increased performance for the calf 
and aid in maintaining the cowherd in terms of body weight (BW), body condition score (BCS) 
and reproductive efficiency (Laster et al., 1973; Myers et al., 1999). If early weaning occurs, the 
cow is no longer required to commit nutrients to lactation and can divert more nutrients towards 
maintaining herself and potentially the growth of her fetus. Fetal programming is influenced by 
numerous factors and as a result is very complex (Du et al., 2010). The idea that weaning age can 
impact lifelong performance and carcass characteristics by inducing a changed nutritional 
requirement of the dam during early gestation is a novel concept that has little to no research at 
this point. Some fetal programming work relative to early gestation has addressed an intrauterine 
growth restriction due to undernutrition and the resulting organogenesis, vascularization, and 
placental growth that occur and how that can ultimately effect postnatal growth and final carcass 
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composition (Radunz et al., 2011 Vonhamme et al., 2003). The objective of this experiment was 
to determine the effects of early weaning and the accompanying change in cow nutrient 
requirements, on the performance of the dam’s subsequent calf throughout the neonatal, and post 
weaning feeding period as well as final carcass characteristics.  Cows lactating during early 
gestation will have greater nutrient requirements than those which are not. Thus, a greater 
potential exists for lactating cows to be in a negative energy balance, resulting in impaired 
development resulting in long term effects on calf performance and carcass merit. This 
experiment will investigate the potential relationship between the differing nutritional 
requirements of a lactating vs. a non-lactating cow and its fetal programming effects on her 
subsequent calf’s performance.  
MATERIALS AND METHODS 
Animals, Experimental Design, and Treatments 
Experimental animals were managed according to the guidelines recommended in the 
Guide for the Care and Use of Agriculture Animals in Agriculture Research and Teaching 
(Federation of Animal Science Societies, 2010). All experimental procedures followed were 
approved by the University of Illinois Institutional Animal Care and Use Committee, IACUC 
Protocol #17151.  
Fall-calving, mature, multiparous, Angus × Simmental cows (initial BW = 590 ± 72 kg, 
and initial BCS = 5.6 ± 0.78) were used to evaluate the effects of weaning age on subsequent calf 
growth performance and carcass characteristics. Cows were assigned to 1 of 2 treatments based 
on their previous calf’s weaning age: 1) early wean (EW) or 2) conventional wean (CW). The 
EW treatment had a steer calf weaned at 88 ± 6 days of age where as the CW treatment had a 
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heifer calf that was weaned at approximately 185 ± 6days of age.  No data are reported on these 
calves as that was not a part of the objectives of this experiment. 
Cow Management 
Cows were maintained in one common group for the duration of the experiment and 
supplemented depending on forage availability. At the onset of the experiment on 12/15/16, 
cows had ad libitum access to salt, loose mineral, and grass hay (ADF 44.07%, NDF 75.06%, CP 
7.75%) as well as 1.8 kg of dried distillers grains (DDGS; ADF 12.38%, NDF 38.71%, CP 
30.34%, ether extract 12.32%). On 1/24/2017, cow supplementation of DDGS was increased to 
2.7 kg until 3/1/2017. At this point, cows were rotationally grazed on endophyte-infected tall 
fescue (Festuca arundinacea)/red clover (Trifolium pretense) mixed pastures with ad libitum 
access to salt and loose mineral (24.5% salt, 17.9% Ca, 9.4% Na, 3.0% P, 5.8% Mg, 0.06% K, 
1500 mg/kg Cu, 26 mg/kg Se, 242.9 kIU/ kg vitamin A, and 5.7 g/kg chlortetracycline) being 
provided to all cows throughout the experiment. From 11/24/2017 until 11/29/2017 cows 
received 2.7 kg as fed of DDGS (ADF 11.50%, NDF 43.85%, CP 24.57%, Fat 11.51%), and 
were stepped up to 3.17 kg as fed from 11/30/2017 until 12/6/2017. On 12/7 cows were again 
stepped up to 3.6 kg as fed until 12/21/2017. From 12/22/2017 until 12/28/2017 cows were 
supplemented with 18.14 kg as fed per cow per day of a total mixed ration (TMR) and on 12/29 
were stepped up to 31.75 kg as fed per cow per day of the same diet (Table 1) until 1/23/2018. 
From 1/24/2018 until 3/27/18 cows were supplemented 10.88 kg as fed per cow per day of a 
TMR that is demonstrated as cow diet 2 in Table 1.  
Body weight (BW) and body condition scores (BCS) on a 1 to 9 scale (1 = emaciated and 
9 = obese, as described by Wagner et al. [1988]) were collected at 10 different time points from 
breeding on 12/15/2016 until post weaning on 3/20/2018. Milk production was estimated via the 
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weigh-suckle-weigh technique (Boggs et al., 1980) at 60 ± 5.1 days postpartum using a 
representative subset of cows from each treatment (n=35 EW n=35 CW). Cows and calves were 
separated at 1200 h, allowed to nurse at 1900 h, and then were separated overnight. At 0700 h 
the next day, an empty calf BW was recorded, calves were allowed to nurse, and a full calf BW 
was recorded. The BW difference between full and empty calf BW was estimated to be 12 h milk 
production. Estimate of 12 h milk production was multiplied by 2 to calculate 24 h milk 
production. 
As per Dixon Springs Agriculture Center cowherd’s annual vaccination schedule, cows 
received 2 mL Leptoferm 5 (Zoetis Inc., Parsippany, NJ) via intramuscular injection, and 
Ivermax pour on at 1 mL/22lb BW topically. On 6/20/2017, cows received 1 mL anaplasmosis 
vaccine, 2 mL autogenous Moraxella bovis / Moraxella bovoculi, 2 mL Leptoferm 5 (Zoetis Inc., 
Parsippany, NJ), and 2 Corathon fly tags (Bayer, Pittsburgh, PA). Cows received 8/1/2017 and 
included 5 mL Bovishield Gold FP5VL5HB (Zoetis Inc. Parsippany, NJ), 2 mL Scourguard 4KC 
(Zoetis Inc., Parsippany, NJ), 5 mL Covexin 8 (Merck Animal Health, Madison, NJ), and 7 mL 
Mu-Se (Merck Animal Health, Madison, NJ). Cows were synchronized using a 7-day CoSynch + 
CIDR protocol (Bremer et al., 2004) and were artificially inseminated as a single group. After 
AI, all cows went to pasture and were exposed to clean-up bulls for 2 subsequent estrous cycles. 
Conception rates for AI pregnancy (34 days post-AI, 1/17/2018) and overall pregnancy rates (98 
days post-AI, 3/22/2018) were determined via transrectal ultrasonography (Aloka 500, Hitachi 
Aloka Medical America, Inc., Wallingford, CT; 7.5 MHz general purpose transducer array). 
Calf Management 
Upon birth, calf BW was taken within 24 hours, calves received 1 mL vitamin AD, 1 mL 
Bo-Se (Merck Animal Health, Madison, NJ), 2 mL autogenous Moraxella bovis / Moraxella 
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bovoculi, and 40 mL Bovisera (Colorado Serum Company, Denver, CO) all administered 
subcutaneously. All bull calves were castrated at birth. All calves in the experiment had one 
common weaning date, which was at 146 ± 5.1 days of age on on 2/14/2018. Prior to weaning on 
1/18/18 calves received 5 mL Bovishield Gold FP5VL5 HB (Zoetis Inc., Parsippany, NJ), 5 mL 
Covexin 8 (Merck Animal Health, Madison, NJ), 2 mL PulmoGuard PH-M (Agri-Labs, St. 
Joseph, MO) 2 mL MpB Guard (Agri-Labs, St. Joseph, MO) all administered subcutaneously, as 
well as a 2 mL intranasal injection of Inforce 3 (Zoetis Inc. Parsippany, NJ). At weaning on 
2/14/2018, calves received 5 mL Bovishield Gold FP5VL5 HB (Zoetis Inc. Parsippany, NJ), 5 
mL Covexin 8 (Merck Animal Health, Madison, NJ), 2 mL PulmoGuard PH-M (Agri-Labs, St. 
Joseph, MO) 2 mL MpB Guard (Agri-Labs, St. Joseph, MO) all administered subcutaneously. 
Also, from 1/27/2018- 2/1/2018 calves received therapeutic oral dosage (5 ml) of Stress Care 5 
AS 140 (Purina Animal Nutrition LLC, Gray Summit, MO) as well as Tetroxy 25 dispersible 
powder (Bimenda, US, Oakbrook Terrace, IL). 
From the time of weaning on 2/14/2018 calves were maintained on pasture and fed an ad 
libitum post-weaning diet consisting of 51.2% dry rolled corn, 34.5% dried distillers grains, 10% 
ground grass hay and 4.3 % of a Renaissance Nutrition Inc. (Roaring Springs, PA) co-product 
balancer (25.0% crude protein, 1.5% crude fat, 8.0% crude fiber, 14% Ca, 1% P, 0.5% Mg, 0.4% 
K, 3.5% NaCl, 300 ppm Cu, 3 ppm Se, 1500 ppm Zn,  24 KIU Vit. A, 2.4 KIU Vit. D3, 25 IU 
Vit. E) on a dry matter basis until being transported by commercial trucking on 4/11/2018 to the 
University of Illinois Beef and Sheep Research Facility in Urbana, IL for the duration of the 
finishing period. Upon arrival to the University of Illinois Beef and Sheep Research Facility in 
Urbana, IL calves were penned according to sex and incoming body weight into 10 pens with 
approximately 14 cattle per pen. Pens, 9.76 m x 9.76 m in dimension, had concrete slatted floors 
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covered by interlocking rubber matting and were constructed of 5.08 cm galvanized steel tubing. 
They were placed on a common receiving diet (Table 2) for 10 days following arrival at which 
point they were transitioned to their common finishing diet using a single step-up diet (Table 2).  
Calves had BW collected every 28 days beginning on 5/23/2018 throughout the finishing 
period. Steers were implanted with Component TE-IS (16 mg estradiol and 80 mg trenbolone 
acetate; Elanco Animal Health) on 5/23/2018 and re-implanted with Component TE-S (24 mg 
estradiol and 120 mg trenbolone acetate; Elanco Animal Health) on 8/15/2018 whereas heifers 
were implanted with Component TE-IH (8 mg estradiol and 80 mg trenbolone acetate; Elanco 
Animal Health) on 5/23/2018 and re-implanted with Component TE-H (14 mg estradiol and 140 
mg trenbolone acetate; Elanco Animal Health) on 8/15/2018. Individual feed intake was 
monitored using the GrowSafe automated feeding system (Model 4000E, GrowSafe Systems 
Ltd., Airdrie, Alberta, Canada) during the finishing period. Incidence of morbidity treatment 
during the finishing phase was recorded by animal care staff. 5 calves received treatment for 
respiratory health during the finishing phase (EW=3, CW=2) and a total of 4 calves (EW=3, 
CW=1) were removed from the experiment as a result of mortality. Calves were fed 200 mg per 
calf per day of ractopamine hydrochloride (Optaflexx 45, 99 g/kg, Elanco Animal Health) the 
last 30 d before slaughter. Cattle were slaughtered at a commercial facility, trained personnel 
recorded slaughter order and HCW was taken on day of slaughter. Carcass characteristics 
including 12th rib fat thickness, LM area, yield grade, and marbling score were taken after a 24 h 
carcass chill with Video Image Analysis as part of the USDA camera system. Carcass 
measurements from 3 steers from the EW treatment were excluded because of in-plant errors 




Feed Sampling and Analysis 
Dried distillers grain samples were collected monthly while being supplemented at the 
Dixon Springs Agricultural Center. Samples of forage from pastures were hand-clipped at the 
initiation of the pasture grazing period and monthly thereafter. Three separate forage sample 
composites were assembled at the conclusion of the experiment to represent the changed 
nutritional value of pasture at the Dixon Springs Agricultural Center over the course of the 
experiment. April, May and June were combined as well as July, August and September and 
finally October and November. Total mixed ration samples for cow diets were collected 
throughout the trial at Dixon Springs Agricultural Center. Feed samples were dried in a 55°C 
forced air oven for 3 d and then ground with a Wiley mill (1-mm screen, Arthur H. Thomas, 
Philadelphia, PA). Forage samples were analyzed for NDF and ADF (using Ankom Technology 
method 5 and 6, respectively; Ankom200 Fiber Analyzer, Ankom Technology, Macedon, NY), 
fat (using Ankom Technology method 2; Ankom XT10 Fat Analyzer, Ankom Technology), CP 
(Leco TruMac, LECO Corporation, St. Joseph, MI), and ash (600° C for 2 h ; Thermolyne 
muffle oven Model F30420C, Thermo Scientific, Waltham, MA). 
Individual ingredient feed samples from the common finishing diet fed at the University 
of Illinois Beef and Sheep Research Facility in Urbana, IL were collected every 28 days over the 
course of the finishing phase and individual ingredients were dried and ground, then composited 
at the conclusion of the experiment. Ingredient samples were analyzed for NDF and ADF (using 
Ankom Technology method 5 and 6, respectively; Ankom200 Fiber Analyzer, Ankom 
Technology, Macedon, NY), fat (using Ankom Technology method 2; Ankom XT10 Fat 
Analyzer, Ankom Technology), CP (Leco TruMac, LECO Corporation, St. Joseph, MI), and ash 




All data with the exclusion of binary data were analyzed as a completely randomized 
design using the MIXED procedures of SAS (SAS Inst. Inc., Cary, NC). Individual animal was 
experimental unit.  All binary data were analyzed using the GLIMMIX procedure of SAS. For all 
repeated variables, unstructured covariance was selected using AIC, as it provided the smallest 
Akaike information criterion. Day was the repeated effect for all repeated measures. Initial cow 
BW was included as a covariate for cow BW analyses. Cow age and days postpartum was used 
for analyses of cow BW, BCS, and reproductive measures. Calf sex, sire, dam age, and pen were 
included in the model for calf parameters. Significance was declared at P ≤ 0.05. Means reported 
in tables are least squares means ± SEM. 
RESULTS AND DISCUSSION 
Initial cow BW was different (P < 0.05), thus it was included as a covariate. There was a 
treatment × date interaction (P < 0.01) for cow BW and cow BCS. Cow BW was consistently 
greater for the EW treatment at all time points throughout the experiment (P < 0.01; Table 3). 
Cow BCS were not different at the onset of the experiment (P = 0.20; Table 3), although after 
breeding and throughout lactation, body condition scores diverged between treatments and the 
EW treatment consistently had greater (P < 0.01) BCS than the CW treatment throughout the 
entire subsequent lactation.  This is in agreeament with Arthington and Kalmbacher (2003) 
where cows that had an early-weaned calf in January had achieved 39 kg more BW by the time 
of normal weaning in August and had a greater average body condition score. Neville and 
McCormick (1981) discovered that dams of early-weaned calves had 0.34 kg per day greater 
ADG than cows with a normal weaned calf until the time of normal weaning. For the CW cows, 
the energy requirements totaled17.373 Mcal per day (NASEM, 2016) with lactation at 120 days 
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post partuition (5.096 Mcal per day), maintenance (12.306 Mcal per day) and day 45 of gestation 
(0.061 Mcal per day).  The EW treatment with same management as CW had total energy 
requirements of 11.771 Mcal per day (NASEM, 2016) with 11.710 Mcal per day for 
maintenance and 0.061 Mcal per day for day 45 of gestation. The CW cows lost both BW and 
BCS from the time of breeding on 12/15/2016, through 1/23/2017 when they would have 
reached peak lactation demands (NASEM, 2016). During that time, cows were fed 17.18 Mcal 
per day and 19.16 Mcal per day using NASEM (2016) energy values and assuming 1.75% of 
BW (10.17 kg per day) intake of grass hay as well as 1.8 kg of dried distillers grains and 2.7kg of 
dried distillers grains, respectively. Following weaning, CW cows regained body condition as 
would be expected with normal production although at no point throughout another entire 
production cycle did CW cows match the weight or body condition of the EW treatment. No 
observations tracking cows over another production cycle have been presented that would allow 
for comparison, although Neville and McCormick (1981) did track calf gestation length which 
was longer for calves born from early weaned dams and weaning weight in subsequent progeny 
which was not different. Cows from the EW treatment gained both BW and body condition post 
weaning, as was expected with the cessation of lactation and their NEm required at 11.771 Mcal 
per day for a mature cow during this period of gestation (NASEM, 2016). The drop in BW and 
body condition of both treatments from 8/1/2017 until 10/11/2017 represents calving. Milk 
production was not different (P = 0.25) between treatments, but no known literature in beef cattle 
has evaluated weaning age’s effect on lactation potential or carryover from length of a given 
lactation to the next. Both AI pregnancy percentage and overall pregnancy were not different 
between treatments in the year following weaning treatment (P ≥ 0.61; Table 5). No known 
literature has evaluated differences in pregnancy percentage the year following weaning 
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treatment. When a cow has a calf weaned before the breeding season it has been proven to 
increase conception rates. Laster et al. (1973) conducted a trial where calves were weaned 8 days 
before the onset of a 42 day breeding period. Conception rates were greater for first and second 
parity cows whose calf had been weaned as compared to cows still lactating. First parity cows 
were 25.9% more likely to conceive in the 42 day breeding period, and second parity cows were 
15.6% more likely to conceive. As well, Arthington and Kalmbacher (2003) noted differences in 
conception rates as a result of weaning age. Early weaned cows had a 39.5% greater pregnancy 
rate during a 90 day breeding period that commenced in January at time of early weaning. The 
performance of all cows in the experiment indicates that when environmental factors dictate 
early weaning to be necessary and viable, producers can expect an improvement in cow body 
condition and weight. 
 Gestation length was not different between treatments (P = 0.21; Table 4), yet marked 
differences were observed in calf birth weight with EW cows having the larger calves (P = 0.05) 
than CW calves. Although no other studies evaluate subsequent calf birth weight, Neville and 
McCormick (1981) evaluated both gestation length and weaning weight. This had no resulting 
effect on calf weaning weight despite there not being any differences in milk production between 
the treatments as calves from CW treated cows had no difference in BW by the time of weaning 
(P = 0.50). Radunz et al. (2012) reported birth weight was affected by gestational programming 
when cows were fed differing dietary energy sources. Calves were significantly lighter at birth in 
the hay fed treatment as compared to corn and dried distillers grains treatments. Unlike the 
present experiment however, calves from the hay fed treatment did not compensate with 
postnatal growth, and maintained that performance difference at the time of weaning when they 
were lighter than other treatments despite no differences in calf management postpartum. The 
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present experiment is also in contrast to Neville and McCormick (1981) where in a 2 year early-
weaning trial, calves in year 2 resulting from dams that had been part of the early-wean treatment 
in year 1 calved 6 to 7 days later than their normal weaned counterparts and had higher 205 day 
weights than the progeny of dams that had weaned their calves normally in year 1. 
Given that no performance differences were observed between treatments at time of 
weaning in the present study, that trend continued throughout the finishing phase with no 
reported differences in average daily gain, dry matter intake, or gain to feed (Table 6). Feedlot 
performance measures were not different between treatments including: feedlot arrival BW (P = 
0.13); final BW (P = 0.66); average daily gain (ADG) (P = 0.84); dry matter intake (DMI; P = 
0.84); and gain to feed (G:F) (P = 0.93). This is in agreeance with Wilson et al. (2012) who 
evaluated the effects of a maternal dietary treatment that consisted of hay fed dams as compared 
to corn coproduct fed dams, this resulted in an increase in calf birth weight, although similarly to 
the present experiment that did not translate into any further differences between treatments in 
performance throughout the finishing phase. Stalker et al. (2009) reported no differences in feed 
to gain or average daily gain between steers whose dams had been supplemented protein in the 
last trimester of gestation or had not been supplemented, however in order to achieve this, steers 
from dams supplemented protein during late gestation had a greater dry matter intake.  
The lack of difference between treatments continued postmortem with there being no 
statistical differences between treatments in any measured carcass traits (Table 7) including: 
dressing percentage (P = 0.33); hot carcass weight (P = 0.96); ribeye area (P = 0.94); 12th rib fat 
thickness (P = 0.73); kidney, pelvic, heart fat percentage (P = 0.08); USDA yield grade (P = 
0.80); and marbling score (P = 0.70). Similarly, Wilson et al. (2012) reported no differences in 
carcass parameters between treatments.  Radunz et al. (2011) reported differences in kidney, 
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pelvic, and heart fat percentage in lambs whose dams were fed differing energy sources while in 
gestation, although no other notable carcass differences were observed.  Randunz et al. (2012) 
reported differences in carcass characteristics between treatments of dams fed differing energy 
sources during gestation where calves from dams that were supplemented dried distillers grains 
and corn had lesser marbling scores than those which were fed hay. Larson et al. (2009) observed 
greater hot carcass weights, and marbling score from calves whose dams had been supplemented 
protein in the last trimester of gestation as compared to calves whose dams had not been 
supplemented. It is concluded that if early weaning is executed producers should expect 
improved BW and body condition of cows, without any long term repercussions on subsequent 












Table 1. Composition of cow diets 
Item Cow diet 12 Cow diet 23 
Ingredient, % as fed   
   Corn silage 86.4 - 
   Whole shelled corn - 24 
   Soybean hulls - 12 
   Dried distillers grains 5.7 32 
   Co-product balancer1 1.4 4 
   Ground hay 6 28 
   Ground limestone 0.5 - 
Analyzed Values, DM basis   
   NDF, % 53.06 66.46 
   ADF, % 29.29 50.95 
   Fat, % 3.22 0.79 
   Protein, % 9.34 11.71 
125.0% crude protein, 1.5% crude fat, 8.0% crude fiber, 14% Ca, 1% P, 0.5% Mg, 0.4% K,    
3.5% NaCl, 300 ppm Cu, 3 ppm Se, 1500 ppm Zn,  24 KIU Vit. A, 2.4 KIU Vit. D3, 25 IU 
Vit. E 
2Fed 18.14 kg per cow per day as fed, from 12/22/2017 through 12/28/2017 and then fed 
31.75 kg per cow per day as fed from 12/29/2017 through 1/23/2018 







Table 2. Composition of calf diets   
Item Receiving Diet2 Step-up diet3 Finishing diet4 
Ingredient, % DM    
   Dry rolled corn 30 30 30 
   MWDGS1 25 25 20 
   Dried distillers grains - - - 
   Ground hay 10   
   High Moisture Corn - 10 20 
   Corn Silage 25 25 20 
   Supplement 10 10 10 
Analyzed Values    
   NDF, % 17.77 12.81 12.08 
   ADF, % 8.43 5.50 4.86 
   Fat, % 3.47 3.70 4.86 
   Protein, % 9.98 10.07 9.77 
1Modified wet distillers grains 
2Fed ad libitum from 4/11/2018 through 4/21/2018 
3Fed ad libitum from 4/22/2018 through 5/1/2018 
4Fed ad libitum from 5/2/2018 through slaughter 
 











Table 3. The effect of weaning age on cow performance 
 Treatment SEM P-value 
Item Conventional 
Wean1 
Early Wean2  Treatment Date Treatment 
× Date 
BW, kg 617 582  <0.01 <0.01 <0.01 
  12/15/20163 600 576 - - - - 
  1/23/20174 568 594 3.6   <0.01 
  3/22/20175 569 607 3.5   <0.01 
  5/4/2017 585 635 3.6   <0.01 
  6/20/2017 606 650 3.9   <0.01 
  8/1/2017 639 682 3.8   <0.01 
  10/11/20176 604 639 4.4   <0.01 
  12/15/20177 572 598 4.6   <0.01 
  1/18/20188 534 564 5.1   <0.01 
  3/20/20189 564 589 5.4   <0.01 
BCS    <0.01 <0.01 <0.01 
  12/15/20163 5.7 5.5 0.09   0.20 
  1/23/20174 4.7 5.1 0.08   0.02 
  3/22/20175 5.2 5.7 0.07   <0.01 
  5/4/2017 5.3 5.9 0.07   <0.01 
  6/20/2017 5.2 5.9 0.08   <0.01 
  8/1/2017 6.0 6.5 0.09   <0.01 
  10/11/20176 5.2 5.6 0.09   0.02 
  12/15/20177 4.9 5.3 0.10   0.03 
  1/18/20188 4.3 4.7 0.11   0.01 
  3/20/20189 4.8 5.1 0.12   0.02 
1Previous calf weaned at 185 ± 6 days of age 
2Previous calf weaned at 88 ± 6 days of age 
3Breeding, initiation of experiment 
4AI Pregnancy confirmation 
5Final Pregnancy confirmation 
6Post-calving evaluation 
7Breeding 
8AI pregnancy confirmation 
9Final pregnancy confirmation 
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Table 4. The effect of previous calf weaning age on subsequent calf performance  
 Treatment   
Item Conventional Wean1 Early Wean2 SEM P-value 
Birth Weight, kg 37.6 39.4 0.82 0.05 
Weaning Weight, kg 152.9 155.6 4.12 0.50 
Gestation Length, days 279.6 280.6 0.76 0.21 
1Dam’s previous calf weaned at 185 ± 6 days of age 





Table 5. The effect of previous calf weaning age on milk production and reproductive 
performance 
 Treatment   
Item Conventional Wean1 Early Wean2 SEM P-value 
Milk, kg3 7.1 6.4 0.41 0.25 
AI Pregnancy, %4 53 57 - 0.61 
Overall Pregnancy, %5 79 77 - 0.78 
1 Previous calf weaned at 185 ± 6 days of age  
2 Previous calf weaned at 88 ± 6 days of age  
3Determined via weigh suckle weigh technique  at 60 ± 5.1 days postpartum 
4Determined via transrectal ultrasonography at 34 days post AI-breeding 




Table 6. The effect of previous calf weaning age on subsequent calf performance post weaning 
 Treatment   
Item Conventional Wean1 Early Wean2 SEM P-value 
Feedlot Arrival Weight, kg 295 299.7 3.08 0.13 
Final Body Weight, kg 597.8 600.5 6.12 0.66 
Average Daily Gain, kg/d 1.61 1.61 0.028 0.84 
Dry Matter Intake, kg/d 8.49 8.46 0.13 0.84 
Gain to Feed, kg 0.19 0.19 0.002 0.93 
1 Dam’s previous calf weaned at 185 ± 6 days of age  




Table 7. The effect of previous calf weaning age on calf carcass characteristics 
 Treatment   
Item Conventional Wean1 Early Wean2 SEM P-value 
Dressing % 61.6 61.3 0.002 0.33 
Hot Carcass Weight, kg 368.4 368.1 4.21 0.96 
Ribeye Area, cm.2 87.42 87.30 1.355 0.94 
12th Rib fat thickness, cm. 1.45 1.47 0.050 0.73 
Kidney Pelvic Heart Fat, % 1.99 1.99 0.03 0.80 
USDA Yield Grade 3.19 3.21 0.11 0.84 
Marbling Score3 488.7 483.3 14.1 0.70 
1 Dam’s previous calf weaned at 185 ± 6 days of age  
2 Dam’s previous calf weaned at 88 ± 6 days of age 
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